In this study we examine the association between household food insecurity and seasonally high heating and cooling costs. Logistic regression models, controlling for socioeconomic and demographic characteristics, were estimated using data on household food security and economic and demographic data from the 1995-2001 Current Population Survey Food Security Supplements and state-level data on heating and cooling degree days from the National Oceanic and Atmospheric Administration. Low-income households, especially those consisting entirely of elderly persons, experienced substantial seasonal differences in the incidence of very low food security (the more severe range of food insecurity) in areas with high winter heating costs and high summer cooling costs. In high-cooling states, the odds of very low food security for poor, elderly only households were 27% higher in the summer than in the winter. In high-heating states, the pattern was reversed for such households; the odds of very low food security were 43% lower in the summer. In light of recent sharp increases in home heating and cooling costs in many parts of the U.S., it is important to understand the extent to which households make tradeoffs between heating and cooling costs and other basic needs that affect their food security.
Introduction
Food security, access by all people at all times to enough food for an active, healthy life, is one of several necessary conditions for a population to be healthy and well nourished. Yet, in 2004, 13.5 million U.S. households were food insecure at times during the year, meaning that their access to enough food was limited by a lack of money or other resources (1) . Of these households, 4.4 million, or 3.9% were food insecure to the extent that food intake was reduced and normal eating patterns were disrupted for 1 or more members, at least some time during the year, because they could not afford enough food.
Individuals from food insecure households are at increased risk for poor nutritional status and negative health outcomes. Food insecurity and food insufficiency (a closely related condition) have been shown to be associated with poorer diets in adults (2, 3) , lower intakes of several nutrients for adults (3) , health status of adults with diabetes (4), poor self-rated general health status and lower scores on physical and mental health scales for adults (5) , poorer cognitive, academic, and psychosocial development of children (6) , several adverse health outcomes for infants and toddlers (7) , meeting diagnostic screening criteria for major depression in women (8) , and obesity and weight gain among women and (less clearly) among men (9) . Some of these risks may be especially high for elderly persons, particularly if they have existing health problems that may make it difficult to purchase, prepare, and eat nutritious foods. Lee and Frongillo found that elderly persons from food insecure households had lower skinfold thickness and significantly lower intakes of energy and other key nutrients than food secure elderly (10) .
Food insecurity, by definition, is closely linked to income. Poor households were 3 times as likely to be food insecure than higher income households in 2004 (1) . And food insecure households typically spend less money on food than other households. This reflects in part the often difficult tradeoffs poor households must make between spending for food and other goods and services that are essential to health and well-being. Such tradeoffs may be particularly difficult for low-income households facing seasonally high home heating or cooling costs.
Previous research on the association between nutritional status and home fuel expenditures consists almost entirely of the work by Bhattacharya et al. (11) . Combining monthly data from the Bureau of Labor Statistics Consumer Expenditure Survey (1980-88) with monthly ground temperature data from the National Oceanic and Atmospheric Administration (NOAA) they found that poor households increased fuel spending and decreased food expenditures during cold months in the northern United States. Bhattacharya et al. also observed reduced levels of energy intake in poor households during winter months (and to a lesser extent in the fall) in northern regions, using data from the 1988-94 National Health and Nutrition Examination Survey. However, they did not find evidence of reduced food expenditures or reduced energy intake during periods of high temperatures in the south.
This analysis extends and complements that research by examining the relation between seasonal differences in temperature, measured as heating degree days and cooling degree days, and households' food insecurity. Food insecurity is hypothesized to be a mediating condition that links constrained household resources with reduced food spending and food intake. As a proximate outcome of constrained household resources, food insecurity may be more consistently related than food expenditures to seasonal temperature differences and may, therefore, also reveal a link to seasonally high home-cooling costs as well as heating costs.
Using nationally representative data on food security from Current Population Survey Food Security Supplements (CPS-FSS) 2 from 1995-2001 (12) (13) (14) and data on heating and cooling degree days from the National Oceanic and Atmospheric Administration (NOAA) (15), we examined the extent to which greater proportions of poor households, especially poor elderly households, experienced very low food security (the more severe range of food insecurity) during times of the year when home heating and cooling costs were high, controlling for important covariates. The analysis takes advantage of the fact that during this time period, the CPS-FSS data collection alternated between winter and early spring (April) when costs for home heating during the previous 30 d are high in northern regions and low in the South, and summer (August/September) when the opposite condition prevails for cooling costs.
Data and Methods
Data. Data on households' food security, household composition, income, employment, and other characteristics were from the Current Population Survey Food Security Supplements (CPS-FSS) of April 1995, September 1996, April 1997, August 1998, April 1999, September 2000, and April 2001. The CPS-FSS is conducted once each year as a supplement to the Census Bureau's monthly Current Population Survey (CPS). The basic CPS collects information on household income and composition and on labor force and employment status of each member of the household $15 y of age from ;50,000 households representative of the U.S. civilian noninstitutional population. The CPS-FSS, sponsored annually by USDA, obtains information on food security, food spending, and food program participation, providing the national data on which USDA's annual reports on household food security in the U.S. are based (1, (16) (17) (18) (19) (20) (21) .
The food security status of each household is assessed by interviewing 1 member of the household using a standardized survey instrument. Households are classified as food secure or food insecure based on their responses to a series of questions about food-related behaviors, experiences, and conditions that are known to characterize households having difficulty meeting their food needs. Food-insecure households are further classified as having low food security or very low food security. The questions cover a wide range of severity of food deprivation from worrying about running out of food to not eating for a whole day. Each question specifies a lack of money or other resources to obtain food as the reason for the condition or behavior, so the measure is not affected by behaviors such as voluntary dieting or fasting.
Household expenditures for heating and cooling were estimated using state-level monthly data on heating degree days and cooling degree days from the National Climatic Data Center of the National Oceanic and Atmospheric Administration. Data were mean heating degree days in February and mean cooling degree days in July from 1970 to 2000.
Analysis sample. The analysis sample consisted of CPS-FSS households during 7 y, 1995-2001, with valid 30-d food security data and valid income data. In some years, 1 or more of the 8 CPS ''rotation groups'' lacked 30-d food security data because households in these rotation groups were asked experimental food security questions in place of the standard questions. These households were excluded from the sample and appropriate weighting adjustments were made so that their exclusion did not compromise the sample's representative character.
Our sample was further restricted to households with reported incomes below the federal poverty line and with no school-age children (i.e., none .4 y of age), for a total of 20,058 households. The main outcome of interest, reduced food security due to seasonally high home heating or cooling costs, was expected to affect primarily low-income households. Related research suggests that seasonal patterns of food insecurity in households with school-age children are quite distinct from those with no school-age children and may be affected by distinct factors, such as summer child-care costs, receipt of free or reduced-price meals through the National School Lunch Program and meals received through the Summer Food Service Program (22) . These factors would complicate and possibly bias the analysis.
Two sample subsets were also analyzed separately: households consisting entirely of elderly persons (age $65, n ¼ 5768), and households with no elderly members (n ¼ 12,775). These analyses explored whether the ''heat or eat'' phenomenon was predominantly an experience of the elderly. Households composed of mixed elderly and nonelderly were also analyzed. Results (not reported) for those households were intermediate between those of households with no elderly and those with only elderly. The elderly were of particular interest because many of them have fixed incomes and might be particularly vulnerable to seasonal differences in expenses for home heating and cooling. Furthermore, anecdotal evidence suggests that tradeoffs in spending for various basic needs are especially problematic for poor elderly households.
Very low food security: main outcome. The dependent variable for all the analyses was very low food security during the 30 d prior to the CPS-FSS. Very low food security is a severe range of food insecurity that the USDA described as ''food insecurity with hunger'' in reports prior to 2006. It refers to households that have reported multiple indications of reduced food intake and disrupted eating patterns due to inadequate resources for food. USDA made this change in response to a recommendation by the Committee on National Statistics (23) .
Household food security was assessed for the period 30 d prior to each survey using methods described by Nord (24) . The 30-d scale is based on the same concepts and statistical methods as the standard 12-mo U.S. Food Security Scale. The 30-d referenced scale was essential for this study because it measures conditions in the household during specific periods of the year when home heating or cooling costs were high. To minimize the measurement effects associated with the presence of infants and young children (0-4 y) in some households, we assessed household food security using only the 7 adult-referenced items in the standard 30-d scale (25, 26) . That is, we used the same scale for all households that would normally be applied to households without children.
Predictor variables. The season in which the CPS-FSS households were surveyed (August/September or April) was represented by a single dichotomous variable, summer, with a value of 1 for surveys in August/ September (summer) and 0 for April (winter) surveys.
The difference between summer cooling and winter heating costs in each state was represented by the variable cool 2 heat, the mean difference between cooling degree days in July and heating degree days in February during 1970-2000. Cooling and heating degree days were assessed for periods of 1 to 2 mo prior to the food security surveys so that the billing and payment period for the associated cooling and heating expenses would coincide with the 30-d period prior to the survey, i.e., the period for which food security was assessed.
Cool 2 heat was normalized (to mean 0 and SD 1) across states. It ranged from ; 22 in Alaska to 12 in Florida. Weighted by households rather than by states, the mean was 10.38 for households in the primary analysis sample, reflecting the preponderance of residents in the warmer regions of the U.S. An interaction term, summer 3 cool 2 heat, was created to estimate the extent to which seasonal differences in food security vary between high-heating and high-cooling states.
Control variables. Particular attention was given to controlling income and employment that may vary seasonally or from year to year and could, therefore, confound the seasonal association between very low food security and home heating and cooling costs. Annual household income was entered as a ratio of household income to the federal poverty line for the household (income/poverty). Two additional variables based on this ratio were also included to control for income effects on food insecurity; the square of income/poverty and a dichotomous variable identifying households with incomes ,50% of the federal poverty line. In combination, these variables assess associations with income as a nonlinear (quadratic) function, but adjust for deviations from that overall relation in the lowest income ranges. Labor-force participation and employment of all adult members in the household were described by 13 dichotomous variables that summarize the standard labor force classifications of all members.
Control variables were also included in the analysis for socioeconomic and demographic factors that are known to be associated with food insecurity, including gender of household head, race and ethnicity (non-Hispanic black, non-Hispanic white, or Hispanic) and citizenship status of household reference person, educational attainment of the most highly educated adult, home ownership, and residential mobility (indicating that the household had moved to its current address since the beginning of its participation in the CPS).
Statistical analysis. A series of multivariate logistic regression models were estimated to assess the association between very low food security and seasonally high home heating and cooling costs. Descriptive data were generated in SAS Proc Means. The logistic regression analyses were implemented using SAS Proc Logistic.
For the entire low-income sample and each of the 2 subset samples, logistic regression models were first estimated with the single independent variable, summer, to assess the extent to which very low food security differed between seasons. Then a second model was estimated for each sample with the additional independent variables, cool 2 heat and summer 3 cool 2 heat. The size of the regression coefficient on the interaction variable, summer 3 cool 2 heat, indicated the extent to which the seasonal difference in very low food security was associated with household residence in states with higher summer cooling costs relative to winter heating costs. The final models included socioeconomic and demographic control variables to confirm that the associations of home heating and cooling costs with seasonal differences in very low food security did not result from alternative causal factors.
Results
Sample characteristics. Descriptive statistics for the entire sample and the 2 subsamples are shown in Table 1 . For all households with incomes below the poverty line and no schoolage children (n ¼ 20,058) the prevalence of very low food security during the 30 d prior to the survey was 8.6%. Very low food security was less prevalent among households consisting entirely of elderly persons (3.7%) than among households with no elderly (11.0%).
Season of data collection. For all U.S. households as well as for our study sample, the prevalence of very low food security during the 30 d preceding each survey followed the same seasonal pattern observed in the 12-mo food security measure reported annually by USDA (19, 20, 26) . Over the 7-y period, 1995-2001, prevalence of very low food security among all poor households with no school-age children (n ¼ 20,058), not accounting for differences in heating and cooling costs, was 0.5 percentage points higher in the summer than in the winter (Fig. 1) . The size of the seasonal difference is masked somewhat by an upward trend from 1999 to 2001. Over the period 1995 to 1999, the seasonal difference between the 2 surveys was 0.9 percentage points. 3 Difference between cooling degree days in July and heating degree days in February, adjusted to mean 0 and SD 1 across states. 4 Annual household income as a ratio to the household's poverty line. 5 Dichotomous variable indicating that household had moved to its current address since the beginning of its participation in the CPS. 6 Dichotomous variables indicating whether the primary wage earner in the household was in the respective labor force category. 7 NILF, not in labor force. 8 Primary wage earner wanting to work full time but only finding part-time work. 9 Primary earner working part-time by choice, i.e., earner not seeking full-time employment. 10 Primary wage earner not in the labor force for reasons other than disability or retirement. 11 Dichotomous variables indicating whether any adult other than the primary earner was in the respective labor force category.
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Home heating and cooling costs. A large share of the seasonal difference in very low food security in poor households with no school-age children (n ¼ 20,058) was associated with seasonal variations in home heating and cooling costs. The addition of variables cool 2 heat and summer 3 cool 2 heat to the model reduced the coefficient on summer from 1.11 to 1.04 and rendered it insignificant, indicating that the seasonal variation in very low food security was primarily associated with seasonal variations in home heating and cooling costs rather than with other factors differing between seasons of data collection ( Table 2) . Further evidence of the association between very low food security and seasonally high heating and cooling costs is provided in the positive and significant odds ratio (OR) on the interaction term summer 3 cool 2 heat (1.15, 95% CI 1.04, 1.28) which shows that the seasonal pattern of lower food security during the summer was noticeably stronger in households in high-cooling states and weaker (or reversed) in highheating states. The difference in seasonal patterns of very low food security between high-cooling and high-heating states was consistent across the 7 y studied (Fig. 2) . For this part of the analysis only, states were grouped into 3 categories: high-heating, moderateclimate, and high-cooling, based on the cool 2 heat variable, so that approximately one-third of the sampled households were in each category. This analysis was conducted to verify that the association observed in the regression models was consistent across the study period and did not result from 1 or 2 idiosyncratic years. In all years in which data were collected during April, the prevalence of very low food security was higher in high-heating states than in high-cooling states (although the differences were not statistically significant in all years. The opposite was true in years when data were collected in August or September.
Elderly only households. The association of home heating and cooling costs with seasonal differences in very low food security was substantially more prominent among elderly only households than in households with no elderly members ( Table 2) . The OR on the interaction term, summer 3 cool 2 heat was 1.50, 95% CI 1.11, 2.01 for elderly only households and 1.09, 95% CI 0.98, 1.22 for households with no elderly members. To demonstrate the size of the interaction for poor, elderly only households, we calculated the summer-to-winter OR of very low food security in high-cooling states (11 SD) and high-heating states (21 SD). Because the mean (across states) of cool 2 heat is 0 and SD is 1, the summer-to-winter OR of very low food security in a high-cooling state is the product of the 2 OR: summer and summer 3 cool 2 heat, or 1.27. That is, the odds of very low food security were 27% higher in the summer than in the winter in a high-cooling state. In a high-heating state, the odds of very low food security were 43% lower in the summer than in the winter (the summer-to-winter OR for a high-heating state is the product of the OR for summer and the reciprocal of the OR for the interaction, summer 3 cool 2 heat).
Control factors. The addition of control variables for socioeconomic and demographic factors did not reduce the strength of the association of seasonal differences in very low food security with seasonal variations in home heating and cooling costs ( Table 3) . In fact, for elderly only households, the coefficient on the interaction term, summer 3 cool 2 heat, was somewhat 1 Values are OR and 95% CI not adjusted for socioeconomic and demographic control variables. Models were estimated using household supplement weights adjusted so that the weighted number of households is equal to the unweighted number of cases in each year. *P , 0.05. (26, 19, 20) . States were categorized as highheating ( ), moderate-climate ( ), or high-cooling ( ) based on the difference between the number of cooling degree days in July and heating degree days in February (average 1970-2000) , using data from the U.S. Department of Commerce, National Oceanic and Atmospheric Administration (15) .
larger with the controls added to the model (adjusted OR 1.58, 95% CI 1.16, 2.15) than without them. The association of interest appears, therefore, to represent a causal effect of home heating and cooling costs and not to be a spurious artifact caused by other seasonally variable economic factors. If anything, the effects of seasonally high home heating and cooling costs on food insecurity may be somewhat ameliorated by seasonal differences in economic factors.
Cooling effects. Assessing the effects of seasonally high home cooling costs separately from heating costs is complicated by the strong inverse relation between the 2 variables. For the analyses described to this point, we combined information on the 2 characteristics in a single variable, cool 2 heat, to avoid problems of colinearity of both the main effects and the interaction terms. To assess the independent effects of seasonally high home cooling and heating costs, we replaced the cool 2 heat variable with 2 normalized variables; cool (the number of cooling degree days in July and heat (the number of heating degree days in February). We also replaced the interaction variable, summer 3 cool 2 heat with separate interaction terms, summer 3 cool and summer 3 heat.
For all poor households without school-age children, neither of the coefficients on the interaction terms was significant, but they were jointly significant (analysis not shown) and of about the same magnitude. For poor, elderly only households, only the summer 3 cool interaction was significant (OR 1.75, 95% CI 1.11, 2.77) whereas the summer 3 heat interaction was near 0 and insignificant (OR 1.02, 95% CI 0.65, 1.58). These findings suggest that the ''cool or eat'' phenomenon is at least as strong as the ''heat or eat'' tradeoff found by Bhattacharya et al. (11) .
Discussion
Our analysis shows that in high-heating states, households with incomes below the poverty line were substantially more vulnerable to very low food security during the winter than during the summer, whereas the opposite was true in high-cooling states. These findings were especially prominent for poor elderly households and remained when controls were added for employment, income, and other household-level factors that could vary from season to season or year to year. For poor households in which all members were $65 y of age, the odds of very low food security in high-heating states were 43% lower in the summer than in the winter; in high-cooling states, the odds were 27% higher in the summer than in the winter. The observed pattern for households with no elderly members was similar, although smaller in magnitude and not statistically significant.
This research builds on the earlier work by Bhattacharya et al. (11) by examining the seasonal effects of home heating and cooling costs on households' economic access to food. These effects are presumed to underlie the changes in food spending and energy intake observed by Bhattacharya et al. Our findings support the ''heat or eat'' phenomenon identified by Bhattacharya et al. that low-income households reduce food spending and caloric intake during cold periods in northern states. Our findings also suggest that the ''cool or eat'' effect, i.e., the effect of high home cooling costs on food insecurity, is nearly as strong as the ''heat or eat'' effect. Bhattacharya et al. did not find strong evidence for the ''cool or eat'' effect on food spending and caloric intake, possibly because those outcomes are more distal and more difficult to measure than food insecurity.
The associations between food insecurity, season of data collection, and state-level heating and cooling costs provide evidence that, for many poor households, the tradeoffs between food spending and seasonally high heating and cooling costs are not made easily, that is, without human cost or within a zone of comfort. The difficulty of these tradeoffs may be exacerbated if home energy costs become unusually high due to supply disruptions or unusually high demand. Our findings also suggest that public assistance programs that support spending for home energy needs may provide a measure of protection against severe levels of food insecurity. Future research might usefully examine whether factors such as home ownership, energy assistance, and participation in food assistance programs moderate seasonal effects of home heating and cooling costs. 1 Models were estimated using household supplement weights adjusted so that the weighted number of households was equal to the unweighted number of cases in each year. *P , 0.05. 2 OR and 95% CI adjusted for household composition, gender of household head, race and citizenship status of household reference person, educational attainment of most highly educated adult, employment status of adult household members, household income relative to poverty line, home ownership, and residential mobility.
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